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" ABSTRACT
' Wé repéfﬁ évidence, from a study of multihadrén final
states produced in the wide-band photon beam at Fermilaﬁ,
'for the production of a new antibaryon state which decaysl
into iw wwT. The mass of the state is 2.26 + 0.01 Gev/c?
and the décay width is < 75 Mev/cz. We also report evidence

of a higher mass state {~ 2.5 GeV/cz)-which decays into the

2.26 GeV/c2 state.
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This paper is based on the study of multihadron final
states produced in the wide-band photon besam at Fermilab.
L - [P .. - “y , * 2
We repoxrt on the obsexvalion of a narrow peaX near 2.26 GeV/c
. . : T '
in the invariant mass spectrum of the Aw ¥ ¥ final statle.
We do not obhserve a ,1gnliJcani peak near 2.26 Ge V/c

SR

ed =y
the A7v v 7w final state W +

e also cobserve evidence that

O

there exists a state of higher mass near 2.5 GeV/c2 which
then decays into PEE (2:26.Gev) + o,

.Our resﬁlts are based on studies of multihaéron data
taken during September - Decewmber of 1975 in the wide-band
photon beam at Fermilab.l The results of similar studies
with data taken earlier have been prev1oubly reported. 2 A
description of the detector can be found in Refs. 1 and 2.

All pairs of oppositely charged tracks wﬁicﬁ verticize
more than 27 in. aownstream of the production target arxe
potential candidatds For Kg - 1. AR) - p(E)Wu(v+), ox
new long-lived objects. For events cons ldered in thlu papar,
e, Aurthcr redu1re Lhat-ther; be a vertex WLthln the pquucLlon
;Eergeu w1th more Lhdn two chdrged ”racks, and that Lhe v° 7
;nteruect thl& vertex. If the lnvarlant maos of the v ‘is
the mass of Xg (498 + 15 Mev/c ). it is not considered as a:
candidate fof A or A- (We lose ~ 10% of A due to KS/A'mass
ambiguity.i For the rewaining Vo's; we plot the invariant
mass assuming tracké are wﬁp(v+§) and they are shown in

Figs- la and 1b. We make a mass cut of 1116 + 2 MeV/qz-

The background to the A(A) signal is a few percent.
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We have studied the ipvariant mass distribution of

— -+ i ’ . .
i n = 1,72,3,4) in all charge states- Tn this papeX, WeC
will discuss n = 3 and n = 4 states only.  In order Lo be

included in our studies, ovenls must pass the following
selection criteria: 1) Yhe total energy of the charged
<o of an cvent is loss than 200 Gev. 2} The total

numpar of reconstructed tracks is less than nine. These
cuts reducc ncutlon~1nduccd events. .

In Figs. 2a and 2b, the invariant mass distributions

- _ + — 4+ b - .
of all corbinaticns of Ar i+ and AW W W are shown. We
e e = CF
observe a clear pealk near 2.26 GcV/c in Rw 7 m , but not
T
in AT WU final states. The sta tistical 51gnlLlc1nce ot
the peak is ~ 7 standard deviations. We estlmate the mass
. 2 : C .
of the pesak to be 2.26 '+ 0.01 cev/c? and the measured width
-2 . ' . .

to e 40 T 20 MeV/c (Fid) - The measured width is
consistent with oux exporimental mass resolution (~ 30
Me V/c } for = zero-width state.

We hqve alco studied the 1nvar1ant Mass dlotrlbutmons
. P + -
of thb gtaucs hT T w and Aw T T . At present 12 pextner
observe nor rule out a similar signal neaxr 2.26 GeV in
. + . . .
either state. Trne number of A3 cowbinations in the vieinity
of the mass of 5.26 GeV is about thre=s times largex than
- % ) :
that of N3%, a result, no doubt, of the excess of baryons
over antibaryons in the neutral beam and the prbduction

“targel.
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The firvst question of interest is whather this is a

wall-known hadyron or a

now membery of a well-known hadcon

family. There cxists in the literature a paruzc]o,

2(2,25 GeV/cz), with a

fhe upper limit of oux

full width of 100-230 MQV/C.2’3

neasured width is substantially

cmaller than the guoted width. We also bhelieve that 1E

+his were an oxdinary hadron, we should have observed a

K

paak in AW WO .

one of the aLtraCLAVe fealures of the A final state

_is that, by studying the longitudinal po]arlzaulon of A,

it is possible to determine whether ox not parity is

violated. We studied,

in the A3r rest system, the forward/

packward asymmetry in the angular distribution of the p with

respect to the h.direction. Although we Go not cbserve a

statistically significant asymmetry. we do find that the p

favors the forwar& dirx

cotion. The effect is ~ 2 g. We

+ T e
%also look gt the enorgy dlstrlbutlon of Lhe o and the T - in

'-tno Aﬂ L T ‘Sthe-J On

_ h?gber than thit of thc T .

o, .
the ave:igc(‘the ene rgy of’ tne W is

PO

We dlaO obsero ov1dence of a cascwde h(dw)

(~ 2.5 Gev/cz).a K(3w)“

+
{2.26) + w , which we illustrate

in Fig. 3. Invariant masses for all combinations of A (a1 ®

are shown in Fig. 3a.

For cach of these entries, we then

plot the masses of both 7 (37)" combinations in Fig. 3b. In

Fig. 3c, we plot the m

- o
ass difference between the A(4r)” and



Ri3w)Y , separately for A{3w) mass within the 2.206 pealt’
(2.25-2.275) and immediately outside (dashed). A clear
. . 2 . . . .
el for mass difference -~ 200 MeV/c” is visible only in
. - '.:. I L R 2
association with the A {3w) peak at 2.26 GeV/c”.
In summaxy, we observe a clear peak neaxr 2.26° GeV in

— , - b -

.- . oA e I T T R Ea s a apme T -
v final state, though not in the Aw # %  fLinal

>1

the

T

gstate. The measured width ofvthis state 1s consistent with

the experimental mass te%olutlon of a zexo wld th state. Ve

. N R
2lso observe evidence of the cascade process A% T 7 T
i - 2 T & 2., -k ) :
{(~ 2.5 GeV/c“) o fw w 7 {2.26 GeV/c”)} + ¥ . It is also
noted that one neutrino event reported by Cazzoli et al has
- - - F . ..
the sanme mass as the Aw ¥ 7 state and shows the similax

cascade process.

our resulis are consistent with predictions of a

[
o

towest mass charmed baryon (Co‘/AC } near 2.256 Gev/c2 and

two next higher statés (C /E ' Cl /YC } near 2.42 and 2.48
-Gev/cz, which cascade to C /A L s Togeghcr thh the

ﬂ“nafrdw'mesonic tates rcccntly obqﬁrved by the SLAC LEL,

<)

_group, and one ‘nusual neutrino ovent observec at “BNL

4

cur observation lends further evidence for the existence
3 . 7 8
of a new guantum number, charm. ©
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Fig- 1 Invariant mass distributions for V7's, assuming:
- - b
(@) pir Ab) pr .
Pig. 2 Tnvariant mass distributions for A3w cowbinations,

- = -
separated by total charge: f{(a) Aw 7w v 3

- 4 -t
(L) A ™ -

Fig. 3 study of cascade H(4F’o.w‘K(3H}: o e
(2) Tnvariant mass‘of'ail K(&W}b combinatioﬁs;
() Invariant méséﬁéf all K(3W); combinainns
from A (41) c?:
{c) Mass difference batween A (47)° and K(ij—.
separately for h(37) within 2.26 péak and
immediately outside the peak (dashed cuxve).
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